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We present the third major update of new optical and radio data for the strong sources in the Revised Third Cambridge 
Catalogue (hereafter 3CR). New positions, redshifts, magnitudes, and identifications have been included as well as some 
radio data for the sample of 298 extragalactic 3CR sources. A new and extended bibliography of optical and radio data is 
included. 
The 3CR sources have now reached an almost satisfactory state of optical identification; 91% of the sources at [Z? | ^ 10° now 
have firm identifications and we have spectra for most of them. The few remaining faint objects at high latitudes are, of 
course, important, as they tend to be the most luminous radio sources known. Full completion of the 3CR data will aid in 
reducing the residual uncertainties at the luminous end of the evolving radio luminosity function. 
Finally, we present some new identifications and new spectroscopic data for 29 faint 3CR galaxies, and one quasar. 
Key words : radio galaxies—3CR catalog—galactic redshifts 
I. Introduction 
The previous two 3CR status reviews (Smith, Spinrad, 
and Smith 1976; Smith and Spinrad 1980) reviewed and 
tabulated the optical information on the extragalactic 3CR 
sources, using the optical data assembled with the tech- 
nology of the 1970s. The recent advent of VLA radio maps 
and central component positions, and new optical CCD 
detectors for both imaging and spectroscopy, has rapidly 
improved our ability to detect, indentify, and obtain red- 
shifts for very faint 3CR candidates. Thus the catalog, 
even at faint optical levels, is nearing a satisfactory level of 
completeness. 
In this paper we include the old radio positions for most 
of the unidentified sources from Bennett (1962). Some of 
these radio positions are quite poor (especially those at 
low galactic latitudes) and considerable future improve- 
ment is needed to bring them up to modern quality; the 
VLA can do the job. 
We added one new source, 3C292, strong enough for 
3CR inclusion (cf. Laing, Riley, and Longair 1983, here- 
after LRL83). We have retained a few previously in- 
cluded 3CR sources, which turned out, after critical ex- 
amination of their radio properties, to be resolved 
doubles or sources weaker than the (old) nominal cutoff of 
a 9 Jy at 178 MHz. This decision was mainly one of 
historical continuity, so our sample is "softer" than that of 
LRL83. 
* Based in part on research done at Lick Observatory. 
tVisiting Observer, Kitt Peak National Observatory, National Optical 
Astronomy Observatories, operated by AURA, Inc., under contract 
with the NSF. 
^Visiting Student, Kitt Peak National Observatory, National Optical 
Astronomy Observatories, operated by AURA, Inc., under contract 
with the NSF. 
II. The Identification Content of the Present Listing 
The 3CR catalog of 298 extragalactic sources contains 
the following proportions of safely identified objects: 
195 radio galaxies (including the N-Galaxies) {= 65.4%) 
53 radio quasars (including the BL-Lac object 3C 66) 
(=17.8%) 
There are twelve identifications which we consider as 
yet unconfirmed (they are probably also mostly galaxies), 
and there are 38 sources which are still unidentified. Of 
these last 38, 24 sources lie at |¿| < 10°, and will be 
difficult objects until the advent of routine 2μ-5μ IR 
imaging. We also note that many of the obviously ob- 
scured sources also need better, modern radio maps, 
presumably obtainable with the VLA. Some may have 
central components, centered precisely on the optical 
candidates (cf. Laing, Owen, and Puschell 1983, here- 
after LOP). The future IR observers can take advantage of 
the improved positions. The 14 unidentified 3CR sources 
at higher latitudes should also be systematically 
remapped with a large dynamic-range radio synthesis 
system. After that effort, reimaging in the optical with a 
CCD camera at a good seeing site could push the optical 
detection limit close to V = 25, if necessary. It will be 
important to check whether these few unidentified, pre- 
sumably very faint sources, could be distant galaxies with 
2: 2.0. If so, they might be very red ("old and dead", as 
far as star formation is concerned) galaxies, following the 
most passive evolutionary models of Bruzual (1983), as 
suggested for 3C437 and 3C470 by Lilly (1983) and Lilly 
and Longair (1985). If that scenario is correct, their detec- 
tion will actually be easier at 2μ or 3μ in the near-IR, than 
in the visual-red regime. 
The present attention of faint galaxy observers in the 
remaining powerful 3CR sources has lead to numerous 
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new identifications, and a good redshift success rate, 
since most of the strong radio galaxies show moderate/ 
strong emission lines (Spinrad and Djorgovski 1984a, 
Ferryman et al. 1984). The 23 unconfirmed and/or 
unidentified high-latitude sources comprise only 9% of 
the total extragalactic sample at |fo| 10°; 91% have now 
been well identified and most have optical spectra, al- 
though a few faint objects have defied our attempted 
redshift measurements (e.g., 3C322, V ~ 23.5; no obvi- 
ous emission lines). 
In the 3CR listing (section VI of this paper), we note 
that the 20 most-distant sources tabulated (1.2 ^ 2: ^ 2.01) 
are a mixture of quasars and radio galaxies, with {z)med = 
1.5 and S178 ~ 13 Jy. They are extremely powerful radio 
sources with P178 > 1027 WHz"1 sr 1, among the most 
luminous sources in the radio region. They share the 
general cosmic evolution of QSOs, with a (V/Vmax) ratio — 
0.67 (LRL83). 3C256 (Spinrad and Djorgovski 1984fc) still 
has the highest galaxy redshift, 2; = 1.819, although sev- 
eral fainter galaxies (3C65, 3C241) have been observed 
and had smaller redshifts. Windhorst (1984) has specu- 
lated that there might be a redshift limit of about 2 on 
radio galaxies of high flux density (3CR class). 
Looking at the distribution sorted by radio flux density 
at 178 MHz (S178), we find that the brightest 20 identified 
sources (working down from Cygnus A) have S178 ~ 100 Jy 
and a median redshift, {z)med — 0.07, with a large disper- 
sion. The weakest 20 identified sources, with Sjyg — 8 Jy 
show {z)med — 0.32, significantly larger than 0.07; this is 
the sense of the difference anticipated for a set of objects 
with a small dispersion in Mv (optically standard candles) 
for the gE galaxies which represent a majority of the 3CR 
identifications (Sandage 1972). Figure 1 shows the 
present redshift distributions for the 3CR sample. The 















Fig. 1—Redshift distributions for the 3CR sources observed spectro- 
scopically. The solid line corresponds to the radio-galaxies (excluding 
the N-galaxies), and the dotted line to the QSOs, N-galaxies, and BL Lac 
objects. The bin counts for the latter group were multiplied by 3 for 
clarity. The arrows mark the sample medians. 
galaxies) is 0.2145, and for the mix of QSOs, Ν galaxies, 
and BL Lacertae objects, it is 0.691. 
We confirm another statistical distinction, long known 
in general, that the source spectral index, (column (7) in 
the listing) is steeper (a = 0.95) for the most luminous 
radio galaxies {{z) — 1.4) than it is for the weaker 3CR 
galaxies at (z) — 0.03 (a = 0.72). Figure 2 shows the radio 
spectral index as a function of redshift for the sample of 
3CR radio-galaxies (excluding the N-galaxies). A slight 
increasing trend may be caused by the radio-equivalent of 
the K-correction—the radio spectra tend to be curved. 
Another possibility is that there is some evolution of the 
properties of radio-sources with redshift. 
Completion of the whole 3CR data set is an appealing 
and approaching goal; complete information on the 
brightest radio sources will solidly constrain the cosmic 
epoch of the evolution of the most powerful end of the 
extragalactic radio source luminosity function (cf. Peacock 
1985; Wall and Peacock 1984; Condon 1984). 
III. Some Individual Radio Galaxies of Note 
We present here direct images and identifications for 
two faint and distant radio galaxies. They are 3C297 (Fig. 
3) (initially identified by Browne, private communication; 
which we confirm), and 3C305.1 (Fig. 4), identified by H. 
E. Smith and Ε. M. Burbidge. Neither galaxy received 
much attention before 1984. These two radio galaxies do 
not have modern radio maps, but we feel their identifica- 
tions to be secure, partly because they are spectroscopi- 
cally extreme cases of AGN. 
The 3C297 image is a gray-scale representation of a 
portion of a Kitt Peak CCD frame, obtained in mediocre 
seeing on 1984 April 2 UT by two of us (H.S., S.D.). The 
detector was an 800 X 800 TI chip, at the prime focus of 
the Mayall 4-m telescope. 





Ί 1 1 Γ 
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Fig. 2—Radio spectral index as a function of redshift for the 3CR 
radio-galaxies (excluding the N-galaxies). The dotted line represents the 
sample median. 
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Cryogenic Camera yielded an emission-line redshift of ζ 
= 1.406; this is, of course, one of the largest measured for 
a radio galaxy. This N-galaxy shows an emission spectrum 
with moderately strong high-ionization emission lines. 
3C305.1 was photographed by Dr. Smith at the Kitt 
Peak 4-m reflector prime focus with a baked (red-sensi- 
tive) IIIa-F/GG-495 emulsion-filter combination. A por- 
tion of his plate is reproduced here (Fig. 4); the radio 
galaxy image appears asymmetric, and a deeper CCD 
frame would be desirable to check on possible ap- 
pendages to this distant radio galaxy. 
The 3C305.1 spectrum was observed in April and May 
1984; we used the new CCD spectrograph developed by 
J. S. Miller and L. Robinson on the Shane 3-m reflector 
for the Lick spectra, while the higher S/N ratio Kitt Peak 
spectrogram (see Fig. 3) was obtained with the Cryogenic 
Camera on the Mayall 4-m reflector. The visual-red spec- 
trum of 3C305.1 (Fig. 5) shows an enormously strong 
[On] λ3727, strong Cπ] λ2326, and moderate Mgn λ2799 
emission. These lines are typical for low-ionization, pow- 
erful radio galaxies (Spinrad and Djorgovski 1985). The 
redshift measured for 3C305. lisz = 1.132. 
IV. 26 Additional Galaxy/QSO Redshifts 
Over the last few years, Spinrad and Djorgovski have 
obtained redshifts for many 3CR candidates, and some of 
them have not yet been published. We list in Table I 29 
new and/or confirming redshifts for 3CR galaxies, and one 
Fig. 4—A portion of a red (IIIa-F) plate showing 3C305.1, a radio galaxy at ζ = 1.132. The original plate was obtained at the 4-m Mayall reflector by 
Dr. Η. E. Smith. 
nucleus is well defined, despite the degraded seeing 
during the exposure—its radial profile shows a definite 
core-halo structure. 





Fig. 3—A grey-scale representation of a portion of a Kitt Peak 4-m 
CCD frame of 3C297 (K-band), obtained in mediocre seeing on 1984 
April 2 UT. 3C297 is the faint N-galaxy image marked with an arrow. 
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Fig. 5—The low-resolution spectrum of 3C305.1, obtained by Spinrad and Djorgovski at Kitt Peak with the Cryogenic camera. Note the enormous 
[On] λ03Ί27 emission and the moderate (low-ionization) emission lines due to Mgii λ2799 and Cil] λ2326, at ze = 1.132 for this faint radio galaxy. 
TABLE I 





























































































Q? ζ si. uncertain 
Cluster ! 
Pair, equal z. 
Cluster? 
cl., obj. 'b'. 
v. faint 
on central source, LOP 
strong [Oil], wk. [Nelll] em. 
mod. Mgii, [NeIV], CII] em. 
strong [Oil], [OUI] em. 
strong [Oil], mod. [Nelll] em. 
abs. only. 
strong [OUI], mod. [Oil] em. 
mod. [OUI] em. 
mod. [OU], [NeIV], Mgii em. 
strong [Oil] em. 
mod. [Oil] em; abs. 
strong [OUI], mod. Ηρ em. 
mod. [Oil] em. 
strong [OUI] em. 
mod. Mgii, [NelV] em. 
strong [Oil] em. 
strong [Oil], [NeV] em. 
mod. [Oil], wk. [Nelll] em. 
strong [Oil], mod. [Nelll] em. 
strong [NelV], CIV, Hell, Lyct Blue spectra also 
strong [Oil], wk. [Nelll] em. Group (?) 
wk. [Oil] em., abs. Faint for z, ID ok? 
strong [Oil] em. Not imaged. LOP cen.comp. 
strong [Oil] em. Group. 
strong [Oil], mod. [Nelll] em. 
mod. [Oil], [Nelll] em. 
mod. Mgii, [NelV], CIII] see Fig. 1 here 
strong [Oil],mod.[CII],MgIIem. see Fig. 2 here 
mod.(broad) Mgii, wk. [Oil] em. Compact, 
strong [OUI] em. 
mod. [Oil], [NeV] em. Cluster. r.s.=gal b., 




quasar. Spectroscopic measures like these make for real 
progress in physical understanding of the radio sources; 
they are an important part of this paper. 
V. Sources with Positional Disagreements or 
Particular Problems 
Several of our unidentified or uncertain 3CR sources 
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have unusual problems; 3C294 is apparently obscured by 
a galactic star right on the LRL83 position; the optical 
candidate for 3C225A is about 3" from the radio sources 
and this (19.5?) faint galaxy may not be the correct identi- 
fication; (Riley private communication); 3C250 is some 3'' 
off the wide lobes radio axis and is thus a less secure 
identification than desired (Gunn et al. 1981), and 3C194 
has a substantial positional oifset from the radio position, 
despite its reasonable optical luminosity (for a radio galaxy 
at ζ = 0.31). 
Also, since the last edition, a few redshifts have been 
revised; the most important recent change is the "demise" 
of 3C427.1 (Spinrad 1985) toz = 0.572. In a catalog of this 
size some minor problems are inevitable, and its unlikely 
that all the discrepancies will be easily removed in the 
next years. These problem sources are, fortunately, only a 
minor headache to us now. 
VI. The 3CR Listings 
Our computer listing is broken into five sections, as 
before (Smith and Spinrad 1980), with two reference 
listings. The senior author intends to continue his update 
of the 3CR data, so contributed future new data on these 
sources will be gratefully incorporated and privately cir- 
culated, as circumstances dictate. 
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